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Every soldier must know, before he goes into battle, how his role in that battle fits into the larger picture, and how his own success will influence the war as a whole. This statement, attributed to Field Marshal Bernard Montgomery, also holds for neuroscience. We are all working within our little molecular, synaptic, neuronal, mesoscale, areal, or behavioral niches. We tend to claim truths based on our limited and fragmented experiences, just as in the parable of the blind men and the elephant. Yet, we should all know how our research fits into the larger multi-scale picture of the brain and how the success of our small, individual studies will influence our ultimate understanding of the human brain. This goal can only be achieved by employing complementary measurement tools tuned to different spectra, spanning multiple orders of magnitude along the temporal (7) and spatial (9) domains.
For centuries, neuroscience was dominated by post-mortem anatomy complemented by behavioral and lesion studies. The advent of single-cell electrophysiology proved a major impetus for brain research. Extra-and intracellular singleunit studies still provide the most precise spatiotemporal resolution information about the functional roles of the elementary building blocks of the nervous system. Despite the prodigious power of single-cell electrophysiology, however, such measurements alone are insufficient for cracking the code of the human brain. Indeed, the workings of individual neurons are not the most relevant key, but the highly dynamic interactions between local neurons and those residing in distant cortical and subcortical nodes of functional networks, as well as the dynamics within and between multiple, multiplexed functional networks themselves. Hence, the need for technologies that can measure activity in all these sites simultaneously, preferentially with millisecond resolution, and cell-type specificity. Alas, such technology does not yet exist.
Beginning in the early 90s, neuroncentric studies were finally complemented by network-centric experiments following the invention of functional magnetic resonance imaging (fMRI). fMRI provides an indirect, hemodynamic measure of neuronal mass activity. It manifested itself as an exquisite tool for monitoring whole-brain activity in a non-invasive manner, thereby obviating the injections of radioactive compounds required by its predecessor, positron emission tomography. For the first time, fMRI allowed us a peek at larger-scale workings of the human brain, giving rise to a small army of human brain imagers producing a staggering half-million papers (PubMed: ''fMRI'' searched September 2018). Despite the appeal of the technique, many derided the power of the ''blobology'' technique as being non-neural, non-specific, and, above all, too sluggish. With good reason. For example, neuronal selectivity, i.e., how discerning a neuron is for a varying stimulus dimension, is considered a key characteristic of brain cells, yet it cannot be measured directly with fMRI. Despite recent clever paradigmatic and analytical tricks that have lifted fMRI far beyond blobology, one can infer neuronal response biases and sensitivities, but not selectivity, despite copious claims in the literature. Even with such shortcomings, fMRI remains our best tool for gaining insights into brain function and formulating interesting and eventually testable hypotheses, exactly as stated by Nikos Logothetis (2008) .
Pursuant to marrying the whole-brain benefits of fMRI with the spatio-temporal precision of single-unit electrophysiology, about 20 years ago three independent research groups embarked upon extending fMRI to monkeys (for review, see Vanduffel et al., 2014) (Figure 1 ). Their successful endeavor was followed by many others and yielded fundamental information regarding the relationship between neuronal and hemodynamic responses (Logothetis et al., 2001) . Although we are still far from a full understanding of the neuro-vascular coupling, this information is critical for the interpretation of all human fMRI data. Monkey fMRI also produced the first rigorous functional studies comparing the patterns of brain activity in different primate species induced by identical stimuli or cognitive paradigms (see Vanduffel et al., 2014) . More recently, such homology research has been complemented with fMRI-based functional connectivity studies, correlating signals across brain regions and species (Mars et al., 2011) . When combined with probabilistic diffusion-tensor based (DTI) data, functional connectivity patterns obtained during rest or task can be compared in homologous areas of different species. Finally, precise guidance of invasive electrophysiological and focal perturbation, as enabled by whole-brain imaging data, has led to probably the greatest success story of monkey fMRI thus far. The recent advance in unraveling neuronal mechanisms underlying face and body perception in the ventral visual stream (e.g., Freiwald and Tsao, 2010) was only possible thanks to fMRI-guided electrophysiology. To address causal questions, fMRI is the tool of choice in guiding electrical microstimulation, pharmacology, optogenetics, and other genetically based focal perturbations in specific nodes of sensory or task-driven functional networks (Miyamoto et al., 2017) . Thus, although the ultimate technique for observing singleneuron data at high temporal resolution throughout the brain does not yet exist, the combination of whole-brain imaging with electrophysiological measurements (including single-and multiple-unit recordings, local field potentials, intra-and extracranial electroencephalogram, magnetoencephalogram, two-photon GCaMP imaging, etc.) is currently the most viable interim option.
Despite two decades of availability and the value of monkey fMRI to both human and monkey neuroscience, the field still lags behind human neuroimaging practices. Streamlined approaches for collecting and analyzing nonhuman primate imaging data remain scarce. To achieve parity with human imaging, Milham et al. (2018) have launched an open resource initiative for sharing data. Surfing the growing wave of open science, the goal of PRIMate Data Exchange, dubbed PRIME-DE, is to create a repository of nonhuman primate imaging data. The archive will host a combination of functional, anatomical and diffusion-based datasets accessible by fellow researchers via the International Neuroimaging Datasharing Initiative (INDI). The repository currently contains only two dozen datasets from roughly the same number of laboratories, but the paper by Milham et al. (2018) will undoubtedly encourage nonhuman primate imagers to upload their data. Commendably, PRIME-DE also promotes a standardized format for such data according to the Brain Imaging Data Structure (BIDS).
While promising, the PRIME-DE initiative may yet be improved. Somewhat at odds with a fully open science philosophy, various data-licensing options for sharing have been explored. While some institutional requirements prohibit unrestrained release of data, a freely accessible database would be preferable. Hopefully, PRIME-DE policies may ultimately leverage institutions toward less restrictive guidelines. The bulk of currently uploaded data, regrettably, comes from resting state and/or anesthetized experiments, while the greatest impact may come from awakemonkey fMRI data. Although an automated quality-assessment procedure is implemented, it is rather surprising that any dataset can be uploaded without undergoing quality control. The scientific community may be better served if only data of sufficiently high quality are shared. Moreover, despite the relatively long list of quality metrics, there are some obvious remaining gaps. For awake fMRI data, temporal signal-to-noise maps provide an especially useful quality check.
The authors rightly acknowledge the difficulty of preprocessing and analyzing monkey fMRI data. Some interesting suggestions are provided, but as indicated, there is currently no one-size-fits-all solution for processing animal data. Recently, highly advanced and fully automated analysis pipelines for human fMRI and connectivity data have been proposed. Especially interesting in this respect is fMRIPrep (Esteban et al., 2018) . This package provides an easy-to-use workflow that is fully automated and requires no or minimal experimenter interaction. Conceivably, a similar pipeline can be constructed for anesthetized monkey data, although this will prove more challenging for awake nonhuman primate imaging data. Another major challenge may arise when high-resolution mesoscale data become available (Li et al., 2017) . In certain instances, such data will be acquired from restricted parts of the brain, hampering their (automatic) registration with template brains.
The manuscript also lists several atlases to which the imaging data can be registered. Although each atlas has its advantages and shortcomings, the field should benefit enormously from a widely supported unified version. Such a hypothetical atlas can also implement multimodal, multiscale information, vastly facilitating comparison of data across experiments, laboratories, and even species. The European Human Brain Project is currently developing such a human brain atlas combining cellular-resolution, whole-brain cytoarchitectonics with electrophysiological, receptor density, genetic, fMRI, and connectivity data under the same aegis (Amunts et al., 2014 ; https://jubrain.humanbrainproject.
Figure 1. Schematic of Monkey fMRI Data
Eccentricity data projected on 3D reconstruction of the cortex (blue, more foveal; green and red, gradually more peripheral visual field representations). Red trace reflects fMRI signal change of 1 voxel for the gradually expanding annuli, as schematically indicated at the top. org). Hopefully, this atlas may serve as a template for equivalent nonhuman-primate versions (e.g., for macaques, marmosets, owl monkeys, etc.). Theoretically, virtually all multi-dimensional neuroscience data acquired from a particular species could be linked through such an atlas, greatly improving our ability to make inferences across all spatio-temporal scales. Particularly interesting would be the inclusion of probabilistic maps that can be developed by federating data from multiple sites. PRIME-DE could facilitate such endeavors, thereby deflecting concern regarding the limited numbers of animals participating in most nonhuman primate experiments.
In summary, the PRIME-DE initiative is highly commendable and deserves the full support of the research community. Journals and funding agencies should moreover not only recommend but also even enforce mandatory open-data sharing policies and extend this beyond neuroimaging. The survival of indispensable basic nonhuman primate research, which is continuously under pressure in the Western world, may ultimately depend on initiatives such as this. More importantly, outcomes of such endeavors may some day help the blind men see the elephant.
The study of interneuron diversity in the spinal cord is complex and needs new models that can accelerate discovery. In this issue, Hoang et al. (2018) use ESC-derived neurons to create simplified microcircuits to study spinal interneuron diversification, connectivity, and function.
Studies of embryonic stem cell (ESC)derived neurons are moving beyond producing neurons for replacement and preclinical in vitro models and branching into new applications enabling addressing fundamental questions about the origins of interneuron diversity and the mechanisms of microcircuit assembly. The importance of interneurons (defined as local circuit neurons) is straightforward: brain and spinal cord function depends on a plethora of interneurons shaping the outputs of many interconnected microcircuits throughout the central nervous system. Unfortunately, the complexity of interneuron microcircuits and their relative inaccessibility has hindered rapid progress. The recent recognition of the high fidelity in which ESC-derived neurons recapitulate normal development of cellular properties and connectivity now offers the possibility of creating simpler in vitro models to wrestle with this complexity. The current study from Hynek Wichterle's group (Hoang et al., 2018) utilizes these approaches with a focus on interneurons of the ventral (motor) spinal cord (Figure 1) and is a particularly pertinent case study for simplified models given the variety of spinal interneuron subclasses and the intricacy of their circuits.
Ventral spinal interneurons form the circuits that direct motor output, integrating information from descending brain commands, sensory afferents, and intrinsic spinal cord rhythmogenic circuitries. These information transforms have the final purpose of sculpting firing in select motoneuron ensembles, the ultimate common path out of the CNS controlling muscle actions. This is a challenging task since all possible motor patterns underlying the
